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be ensured without imposing any constraint on a pre-coding
matrix, thus reducing the cost and power consumption of a
terminal whiling increasing transmission performance of the
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Fig.3
/ 301
a terminal scrambles a coded bit sequence corresponding to each
codeword to obtain a scrambled bit sequence corresponding to each
codeword 302

the terminal modulates the scrambled bit sequence corresponding to each
codeword to obtain a modulated complex symbol corresponding to each
codeword 303

l

the terminal performs layer mapping on the modulated complex symbol
corresponding to each codeword to obtain a complex symbol on each layer

l

the terminal performs pre-coding on the complex symbol on each layer to
obtain a complex symbol corresponding to each transmitting antenna port

!

the terminal performs transmission pre-coding on the complex symbol
corresponding to each transmitting antenna port to obtain a complex

symbol corresponding to each transmitting antenna port that has gone
through transmission pre-coding 306

l

the terminal performs resource mapping on the complex symbol
corresponding to each transmitting antenna port that has gone through
transmission pre-coding to obtain a complex symbol corresponding to each
transmitting antenna port that has gone through resource mapping

l

the terminal performs SC-FDMA signal generation on the complex symbol
corresponding to each transmitting antenna port that has gone through
resource mapping, and transmits a resulted signal from each transmitting
antenna port
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1
MULTI-ANTENNA SIGNAL PROCESSING
METHOD AND DEVICE IN UPLINK SYSTEM

TECHNICAL FIELD

The disclosure relates to Multiple Input Multiple Output
(MIMO) techniques, and in particular to a multi-antenna sig-
nal processing method and device in an uplink system.

BACKGROUND

In wireless communication, if multiple antennas are used
by both a transmitter and a receiver to transmit and receive
signals, then a higher data rate may be obtained by spatial
multiplexing, that is, multiple data streams may be sent at the
transmitter using the same time-frequency resource, a chan-
nel coefficient matrix may be obtained at the receiver through
channel estimation, and then data in each data stream may be
demodulated.

Spatial multiplexing includes open-loop spatial multiplex-
ing and close-loop spatial multiplexing. FIG. 1 is a schematic
diagram of a flow of MIMO signal processing by close-loop
spatial multiplexing in related art. As shown in FIG. 1, with
close-loop spatial multiplexing, a transmitter performs pre-
coding on a signal according to Channel State Information
(CSI); here, one way for the transmitter to acquire CSI is to
acquire CSI through feedback by the receiver. Generally, in
order to reduce the overhead of the feedback, the receiver and
the transmitter save the same codebook, that is, a pre-coding
matrix set; the receiver selects a proper pre-coding matrix
from the codebook according to current channel condition,
and feeds back, to the transmitter, a Pre-Coding Matrix Indi-
cator (PMI) of the selected pre-coding matrix in the pre-
coding matrix set; then, the transmitter finds the pre-coding
matrix according to the PMI feed back, and performs pre-
coding on the signal to be sent. With open-loop spatial mul-
tiplexing, the transmitter does not perform pre-coding on the
signal according to the CSI sent by the receiver, but according
to a predetermined fixed codebook combination.

In the next-generation evolution of a Long Term Evolution
(LTE) system, that is, an LTE-Advanced (LTE-A) system, in
order to obtain a higher data rate, Single User MIMO (SU-
MIMO) techniques are adopted for an uplink of the LTE-A
system, wherein a terminal serves as a transmitter and a base
station serves as a receiver, and the direction from the termi-
nal to the base station is an uplink direction. The SU-MIMO
techniques belong to close-loop spatial multiplexing. FIG. 2
is a schematic diagram of signal processing at a transmitter
adopting uplink SU-MIMO techniques; as shown in FIG. 2,
coded bit sequences corresponding to codeword 0 and code-
word 1 of an uplink signal of the terminal are scrambled and
then modulated respectively to obtain complex symbols cor-
responding to the respective codewords; then, the codeword 0
and the codeword 1 forming the complex symbols are sub-
jected to layer mapping to obtain data of layer O and of layer
1 respectively; next, the obtained data of the layers are sub-
jected to transmission pre-coding so as to be converted from
a time-domain signal into a frequency-domain signal; the
signal is then subjected to pre-coding in the frequency
domain, resource mapping, and then Single Carrier Fre-
quency Division Multiple Access (SC-FDMA) symbol gen-
eration before finally being transmitted on the antennas. Here,
the transmission pre-coding refers to Discrete Fourier Trans-
form (DFT).

In the above method, a codeword-to-layer mapping mod-
ule of the terminal implements the codeword-to-layer map-
ping by simple serial/parallel conversion. In the LTE-A sys-
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2

tem, a codeword-to-layer mapping mode as shown in the
following table is adopted in the SU-MIMO.

Number of Number of codeword-to-layer Mapping

layers codewords i=0,1,..., Msymblayer -1

1 1 X(O)(i) = d(o)(i) Msymblayer _ Msymb(o)

2 1 xO)) = d92i) Msymblayer -M ymb(O)/z
®O(1) =dO2i + 1)

2 2 xO1) = dOX) Msymblayer -M ymb(O) _
xM(0) = dD) Msymb( )

3 2 X(O)(i) = d(o)(i) Msymblayer _ Msymb(O) _
xM(i) = dD(2i) M2
X2(i) =dD2i + 1)

4 2 x©(3) =d©2i) Msymblayer =M., 2=
xB1) =d@Qi+ 1) M, 2
x@(i) = dD(2i)
x3(i) =dP2i + 1)

In the table, d9(0), d(1), . . . , d(M,,,,,~1) each

represents a modulated complex symbol corresponding to
codeword g, qe{0,1}; Msymb(q) represents the number of
modulated complex symbols corresponding to codeword q;
™0, xX), . . ., x(”)(MSyme“y”—l) each represents a
modulated complex symbol corresponding to layer v, ve{0,
1,2,35 M, /" presents the number of modulated com-
plex symbols corresponding to one layer.

In order to obtain a higher transmission rate, the LTE-A
system supports the configuration of four uplink sending
antennas. Limited transmitting power of the terminal greatly
affects uplink-transmission-technique selection. However,
with multi-carrier techniques such as Orthogonal Frequency
Division Multiplexing (OFDM), multiple independent sub-
carriers are used together, and the signal to be sent has a very
high Peak-to-Average Power Ratio (PAPR), which brings
about many disadvantages, for example, increased complex-
ity of analog-to-digital conversion and digital-to-analog con-
version and reduced radio-power-amplifier -efficiency,
thereby increasing the cost and power consumption of a
power amplifier of a transmitter. Due to limited cost and
power consumption of a terminal, it is not advantageous to
implement multi-carrier techniques on an uplink. Therefore,
in order to ensure a low PAPR or Cubic Metric (CM) of the
signal to be sent, in the LTE-A system, SC-FDMA is adopted
in uplink transmission; specifically, Discrete Fourier Trans-
form Spread Orthogonal Frequency Division Multiplexing
(DFT-S-OFDM) is adopted. Here, the CM is an index for
measuring nonlinear influence on the power amplifier, which
index is more accurate than the PAPR.

As shown in FIG. 2, generally, in an uplink of the LTE-A
system, data of a layer are subjected to transmission pre-
coding before the pre-coding; in which case, in order to
ensure that the signal to be sent has a low PAPR or CM,
factors such as PARP or CM should be taken into account in
designing the codebook of pre-coding matrices; therefore, for
codebook design, there is one more constraint, for example,
of adopting a CM Preserved (CMP) design. In a practical
application, all pre-coding matrices ultimately adopted in
LTE-A uplink close-loop spatial multiplexing ensure that the
uplink signal to be sent has a lower PAPR or CM.

Inthe LTE-A system, since a typical scenario in application
is of moderate/low mobility, multi-antenna techniques with
open-loop spatial multiplexing are not supported. However,
in a subsequent version of LTE-A, such as Release-11, a
scenario of high mobility is reconsidered as a primary direc-
tion for optimization of the subsequent version. When a ter-
minal moves with a high speed, for example, up to 350 km/h,
due to a fast changing channel status, CSI-feedback-based



US 9,083,400 B2

3

close-loop spatial multiplexing would degrade system perfor-
mance, in which case, it is more reasonable to adopt open-
loop spatial multiplexing. In this case, if it is to adopt in uplink
open-loop spatial multiplexing a sequence of signal process-
ing similar to that in uplink close-loop spatial multiplexing,
that is, pre-coding is conducted after transmission pre-cod-
ing, then in order to ensure that the signal to be sent has a low
PAPR or CM, there also are constraints on the design and
selection of the codebook of pre-coding matrices; therefore,
there is a pressing need for improved open-loop multiplexing
in a subsequent version of the LTE-A.

SUMMARY

In view of this, it is desired that the disclosure provides a
multi-antenna signal processing method and device in an
uplink system, capable of ensuring a lower PAPR or CM of a
signal to be sent without imposing any constraint on a pre-
coding matrix, thus reducing the cost and power consumption
of a terminal.

To this end, a technical scheme of the disclosure is realized
as follows.

The disclosure provides a multi-antenna signal processing
method in an uplink system, including that:

after scrambling, modulation, layer mapping, pre-coding,
transmission pre-coding, resource mapping and Single Car-
rier Frequency Division Multiple Access (SC-FDMA) signal
generation are performed successively on a coded bit
sequence corresponding to each codeword, a resulted signal
is transmitted from each transmitting antenna port.

Wherein, the layer mapping may be performed by:

processing a modulated complex symbol corresponding to
each codeword with a mapping-and-layer-interleaving
matrix.

Wherein, the processing a modulated complex symbol cor-
responding to each codeword with a mapping-and-layer-in-
terleaving matrix may be:

when 1 codeword is mapped to 2 layers, then:

ol )

10
01}’

layer _
-1, My, =

4920

P0)
d9i+1)

W

o-|

M

© .
symb M, [2;

When 2 codewords are mapped to 2 layers, then:

5

[ PRI}

dO)
= Q5 (imod2)
W

d(l)(l')

0= 10 D= 0 1_
Qz()—(o 1],Qz()—(1 0],
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When 2 codewords are mapped to 3 layers, then:

X(O)(i) d(o)(i)
@) [ = 0s(imod3)|  dP20)
Pl) dM2i+1)
100 001 010
2:0=|10 1 0} gs(h)=|1 0 0[@s2=[0 0 1}
001 010 100
i=0, 1, .. MET 1 M = M), = MU, 12

When 2 codewords are mapped to 4 layers, then:

A0 a® i
P0)] d®Qi+ 1)
= Qu(imod4) 5
Pl) a2
PRI6) dV2i+ 1)
1000 0001
o 0100 . 1000
QO=l0 01 %Y= 1 00l
0001 0010
0010 0100
5 0001 ) 0010
Q4()—1000,Q4()—0001,
0100 1000
P01 M = L M = M 12 = M

where i mod y represents calculating a remainder in divid-
ing i by v, ye{2.3,4}; d(0), (1), .. ., dV(M,,,,,, -1)
each represents a modulated complex symbol corresponding
to a codeword q, qe{0,1}; Msymb(q) represents a number of
modulated complex symbols corresponding to the codeword
q; xX™(0), x), . . ., x(”)(MSyme“y"—l) each represents a
modulated complex symbol corresponding to a layer v, ve{0,
1,2,3}; and M, /2" represents a number of modulated
complex symbols corresponding to one layer.

The method may further include that: when the pre-coding
is performed,

an adopted pre-coding matrix is varied according to each
complex symbol, or according to an SC-FDMA symbol, or
according to a time slot.

The method may further include that: before the pre-cod-
ing is performed,

aterminal and a base station agree on a rule for varying the
pre-coding matrix.

The method may further include that: after the transmis-
sion pre-coding is performed and before the resource map-
ping is performed, antenna delaying is performed on a com-
plex symbol corresponding to each transmitting antenna port
that has gone through transmission pre-coding, to obtain a
complex symbol corresponding to each transmitting antenna
port that has gone through antenna delaying; and

correspondingly, the resource mapping may be performed
on the complex symbol corresponding to each transmitting
antenna port that has gone through antenna delaying.

The method may further include that: before the antenna
delaying is performed,

an antenna delaying matrix is set according to a number of
transmitting antenna ports, a number of layers and a pre-
coding matrix.
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Wherein, when the number of transmitting antenna ports is
2 and the number of layers is 1, the antenna delaying matrix
may be:

. 1 0
D) = [0 g2 };

when the number of transmitting antenna ports is 2 and the
number of layers is 2, the antenna delaying matrix may be:

R
(l)—[o 1},

when the number of transmitting antenna ports is 4 and the
number of layers is 1, the antenna delaying matrix may be:

1 0 0 0
0 e i 0 0

b = 0 0 g o I
0 0 0 e M

when the number of transmitting antenna ports is 4 and the
number of layers is 2, and when the pre-coding matrix
adopted is

L (x, yedl, =1, j, =jb,

[T

the antenna delaying matrix may be:

1 0 0 0

0 e—j4mi/4 0 0

b=y o 1 o
0 0 0 e7j4mi/4
or
1 0 0 0
0 e7j4mi/4 0 0
D) = 0 0 g2 o I
0 0 0 g S

when the number of transmitting antenna ports is 4 and the
number of layers is 2, and when the pre-coding matrix
adopted is

0
1 . .
0 (x, yedl, -1, j, —=jh,
y

o r O
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6

the antenna delaying matrix may be:

10 0 0
01 0 0
D(i) = 0 0 e HmiM 0 or

00 0 it
1 0 0 0
0 e Hir 0 0

b=ty o g o f

0 0 0 e o

when the number of transmitting antenna ports is 4 and the
number of layers is 2, and when the pre-coding matrix
adopted is

1

0 . -
(x, yell, =L, j, = jh,

0y

x 0

the antenna delaying matrix may be:

10 0 0
01 0 0
D(i) = 0 0 e HmiM 0 or
00 0 edvH
1 0 0 0
0 e 0 0
D=1y o gwem o |
0 0 [
wherein i=0, 1, . . ., M,,,,,*-1; M_,,,,* represents a

number of modulated complex symbols corresponding to
eachantenna port; M, ,,.,“*=M, ,, /", j represents an imagi-
nary unit.

The disclosure further provides a multi-antenna signal pro-
cessing device in an uplink system, including: a scrambling
module, a modulation module, a layer mapping module, a
pre-coding module, a transmission pre-coding module, a
resource mapping module and a Single Carrier Frequency
Division Multiple Access (SC-FDMA) signal generation
module, wherein

the scrambling module is configured to scramble a coded
bit sequence corresponding to each codeword and to send a
scrambled bit sequence corresponding to each codeword to
the modulation module;

the modulation module is configured to modulate the
scrambled bit sequence corresponding to each codeword and
to send a modulated complex symbol corresponding to each
codeword to the layer mapping module;

the layer mapping module is configured to perform layer
mapping on the modulated complex symbol corresponding to
each codeword and to send an obtained complex symbol on
each layer to the pre-coding module;

the pre-coding module is configured to perform pre-coding
on the complex symbol on each layer and to send an obtained
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complex symbol corresponding to each transmitting antenna
port to the transmission pre-coding module;

the transmission pre-coding module is configured to per-
form transmission pre-coding on the complex symbol corre-
sponding to each transmitting antenna port and to send an
obtained complex symbol corresponding to each transmitting
antenna port that has gone through transmission pre-coding to
the resource mapping module;

the resource mapping module is configured to perform
resource mapping on the complex symbol corresponding to
each transmitting antenna port that has gone through trans-
mission pre-coding and to send an obtained complex symbol
corresponding to each transmitting antenna port that has gone
through resource mapping to the SC-FDMA signal genera-
tion module; and

the SC-FDMA signal generation module is configured to
perform SC-FDMA signal generation on the complex symbol
corresponding to each transmitting antenna port that has gone
through resource mapping and to transmit a resulted signal
from each transmitting antenna port.

The device may further include:

an antenna delaying module configured to perform antenna
delaying on the complex symbol corresponding to each trans-
mitting antenna port that has gone through transmission pre-
coding and to send an obtained complex symbol correspond-
ing to each transmitting antenna port that has gone through
antenna delaying to the resource mapping module;

the transmission pre-coding module may be further con-
figured to send the obtained complex symbol corresponding
to each transmitting antenna port that has gone through trans-
mission pre-coding to the antenna delaying module; and

the resource mapping module may be further configured to
perform the resource mapping on the complex symbol corre-
sponding to each transmitting antenna port that has gone
through antenna delaying.

With the multi-antenna signal processing method and
device in an uplink system provided by the disclosure, after
scrambling, modulation, layer mapping, pre-coding, trans-
mission pre-coding, resource mapping and SC-FDMA signal
generation are performed successively on a coded bit
sequence corresponding to each codeword, a resulted signal
is transmitted from each transmitting antenna port, wherein
the pre-coding of an uplink signal is conducted before the
transmission pre-coding, thereby enabling a lower PAPR or
CM of a signal to be sent without imposing any constraint on
selection of a pre-coding matrix, thus reducing the cost and
power consumption of a terminal; meanwhile, as no con-
straint is imposed on selection of the pre-coding matrix, all
existing pre-coding matrices can be used, thereby increasing
performance of pre-coding as well as increasing transmission
performance of the system.

In addition, a pre-coding matrix base station varies accord-
ing to each complex symbol, thus achieving a better pre-
coding gain. A terminal and the base station agree in advance
on a rule for varying pre-coding matrix without the need of
instruction by any signalling, thereby reducing a signalling
overhead.

In addition, antenna delaying is performed on a complex
symbol corresponding to each transmitting antenna port that
has gone through transmission pre-coding, to obtain a com-
plex symbol corresponding to each transmitting antenna port
that has gone through antenna delaying; and resource map-
ping is performed on the complex symbol corresponding to
each transmitting antenna port that has gone through antenna
delaying, which adds to the diversity of data of each layer on
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atransmitting antenna, thereby implementing transmit diver-
sity and further increasing the transmission performance of
system.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a flow of MIMO signal
processing by close-loop spatial multiplexing in related art;

FIG. 2 is a schematic diagram of signal processing at a
transmitter adopting SU-MIMO techniques;

FIG. 3 is a flowchart of a multi-antenna signal processing
method in an uplink system according to the disclosure;

FIG. 4 is a schematic diagram of a structure of a multi-
antenna signal processing device in an uplink system accord-
ing to the disclosure.

DETAILED DESCRIPTION

According to embodiments of the disclosure, after scram-
bling, modulation, layer mapping, pre-coding, transmission
pre-coding, resource mapping and SC-FDMA signal genera-
tion are performed successively on a coded bit sequence
corresponding to each codeword, a resulted signal is trans-
mitted from each transmitting antenna port.

The disclosure is further elaborated below with reference
to accompanying drawings and specific embodiments.

A multi-antenna signal processing method in an uplink
system according to the disclosure, as shown in FIG. 3,
includes the following steps.

Step 301: a terminal scrambles a coded bit sequence cor-
responding to each codeword to obtain a scrambled bit
sequence corresponding to each codeword.

Here, please refer to existing techniques for specific imple-
mentation of this step, which is not elaborated here.

Step 302: the terminal modulates the scrambled bit
sequence corresponding to each codeword to obtain a modu-
lated complex symbol corresponding to each codeword.

Here, please refer to existing techniques for specific imple-
mentation of this step, which is not elaborated here.

Step 303: the terminal performs layer mapping on the
modulated complex symbol corresponding to each codeword
to obtain a complex symbol on each layer.

Specifically, the modulated complex symbol correspond-
ing to each codeword is processed with a mapping-and-layer-
interleaving matrix.

Step 304: the terminal performs pre-coding on the complex
symbol on each layer to obtain a complex symbol correspond-
ing to each transmitting antenna port.

Here, during the pre-coding, an adopted pre-coding matrix
may be varied according to each complex symbol, or accord-
ing to an SC-FDMA symbol, or according to a time slot.

Step 305: the terminal performs transmission pre-coding
on the complex symbol corresponding to each transmitting
antenna port to obtain a complex symbol corresponding to
each transmitting antenna port that has gone through trans-
mission pre-coding.

Here, the transmission pre-coding is performed by trans-
forming a time-domain signal into a frequency domain signal
specifically through a DFT operation.

Here, please refer to existing techniques for specific imple-
mentation of this step, which is not elaborated here.

Step 306: the terminal performs resource mapping on the
complex symbol corresponding to each transmitting antenna
port that has gone through transmission pre-coding to obtain
a complex symbol corresponding to each transmitting
antenna port that has gone through resource mapping.
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Here, the resource mapping is performed by mapping a
complex symbol to a corresponding physical resource unit
sending the complex symbol.

Please refer to existing techniques for specific implemen-
tation of this step, which is not elaborated here.

Before Step 306, the method may further include that:

antenna delaying is performed on a complex symbol cor-
responding to each transmitting antenna port that has gone
through transmission pre-coding, to obtain a complex symbol
corresponding to each transmitting antenna port that has gone
through antenna delaying;

correspondingly, the resource mapping may be performed
on the complex symbol corresponding to each transmitting
antenna port that has gone through antenna delaying.

Step 307: the terminal performs SC-FDMA signal genera-
tion on the complex symbol corresponding to each transmit-
ting antenna port that has gone through resource mapping,
and transmits a resulted signal from each transmitting
antenna port.

Here, the SC-FDMA signal generation is performed by
generating a time-domain signal to be sent on each transmit-
ting antenna according to an SC-FDMA-symbol-generating
method.

Please refer to existing techniques for specific implemen-
tation of this step, which is not elaborated here.

The disclosure is further elaborated below with embodi-
ments.

Embodiment 1

In this embodiment, the layer mapping may be performed
on the modulated complex symbol corresponding to each
codeword specifically by:

processing the modulated complex symbol corresponding
to each codeword with a mapping-and-layer-interleaving
matrix.

Specifically, when 1 codeword is mapped to 2 layers, then:

A0 a® i
)= a0y |

- 10.
Ql—[o 1},

layer layer
s Moy =1, Moy =

M,12;

symi

When 2 codewords are mapped to 2 layers, then:
d(o)(i) ]

0
PIG) dOy f

10 01
Q2(0)=( ],Q2(1)=(1 0]:

MO =MD, =01, ...

symb = Meym

] =0 (imodZ)[

prlver _

layer
symb = M -1

symb

When 2 codewords are mapped to 3 layers, then:

X(O)(i) d(o)(i)
V() [ = Qs(imod3)| V(20
Pl) dM2i+1)
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-continued
100 001 010
0:M=[01 0],@)=|100[@2=[00 L}
001 010 100
layer . layer
Moy =M, = Moy 12,1=0,1, .., Maer — 1

When 2 codewords are mapped to 4 layers, then:

#0x) a2
Pl) d90i+ 1)
= Q4(imod4) ;
20 * dV 2
PSut) dV2i+ 1)
10 00 00 01
o 0L 00 . 10 00
Q4()—00 10,Q4()—01 ool
00 01 00 10
00 10 01 00
5 00 01 3 00 10
Q4()—10 00,Q4()—00 a1 f
0L 00 10 00
M =M, 12 =M, 12, =01, . MY 1,

where i mod y represents calculating a remainder in divid-
ing i by y, ye{2,3.4}; d(0).d1), . . ., d9M,,,, "-1)
each represents a modulated complex symbol corresponding
to a codeword q, qe{0,1}; Msymb(q) represents a number of
modulated complex symbols corresponding to the codeword
q; x™0), x), .. ., x(”)(MSyme“y”—l) each represents a
modulated complex symbol corresponding to a layer v, ve{0,
1,2,3}; and Msymbl"y‘” represents a number of modulated
complex symbols corresponding to one layer.

Here, those skilled in the art should understand that: since
iis a variable, d“9(0), d9(1), . d(q)(M L @-1) are
equivalent to d(o)(2l) d©(2i+1), d(o)(l) dVa), d(l)(2l) and
d®(2i+1) in the above formula.

The layer mapping provided by this embodiment aims to
map a same codeword to different layers. there may be two
ways in specific implementation; one way is to add a new
layer interleaving module instead of modifying a layer map-
ping module in an existing LTE-A system; the other way is to
adapt the layer mapping module in the existing LTE-A system
such that the layer mapping module serves a layer interleav-
ing function.

Embodiment 2

In this embodiment, a specific process of pre-coding
according to the disclosure is illustrated. Pre-coding accord-
ing to the disclosure is performed before transmission pre-
coding, which is significantly different from the case where
pre-coding is performed after transmission pre-coding. Spe-
cifically, when pre-coding is performed after transmission
pre-coding, in order to ensure a low PAPR or CM of the signal
to be sent, there will be a limit on codebook selection and
variation even if a codebook of pre-coding matrices based on
a CMP design is adopted. Particularly, when a codebook is
varied based on a modulated symbol or a sub-carrier-level
variation, there will be a fairly-limited number of applicable
codebooks, seriously affecting the performance of the pre-
coding. By contrast, pre-coding in the disclosure is performed
before transmission pre-coding, and thus, any existing pre-
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coding codebook based on a CMP design may be valid as a
candidate for the codebook of pre-coding matrices without
any limitation. Simulation gives that when the codebook of
pre-coding matrices is varied according to a modulated sym-
bol and is randomly selected from existing codebooks in the
existing LTE-A system, with the conventional way of per-
forming pre-coding after transmission pre-coding, the CM of
the signal to be sent may reach 2.8 or more; however, with the
way according to the disclosure, i.e. of performing pre-coding
before transmission pre-coding, the CM of the signal to be
sent is kept at 1.2. Here, during the simulation, all symbols to
be sent are modulated by Quadrature Phase Shift Keying
(QPSK).

During pre-coding, the pre-coding matrix may be varied
according to each complex symbol, or according to an SC-
FDMA symbol, or according to a time slot. In an embodi-
ment, the pre-coding matrix may be varied according to each
complex symbol for a better pre-coding gain.

When the pre-coding matrix is varied according to each
complex symbol, assuming that the signal entering a pre-
coder is Y1), yV(), . . ., y (i), where v represents the
number of layers, and the signal output by the pre-coder is
z9%), z1(3), . . ., 27 V(i), where P represents the number of
transmitting antenna ports, the process of the pre-coding may
then be expressed as follows:

200 YOti)
=wi| |

0 MU

wherein, W(i) represents a pre-coding matrix selectable
from an existing codebook in the LTE-A system, with the size
of Pxv; i represents a layer complex symbol indicator.

Here, a terminal and a base station agree in advance on a
rule for varying pre-coding matrix without the need of
instruction by any signalling. For example, assuming that N
pre-coding matrices are selected from existing codebooks in
the LTE-A system, the terminal may use one of the N pre-
coding matrices successively to complete the pre-coding of
data of'a layer to an antenna port. As an extreme example, all
existing codebooks in the LTE-A system may be selected.

Embodiment 3

In this embodiment, a specific process of antenna delaying
according to the disclosure is illustrated.

An antenna delaying matrix is set according to a number of
transmitting antenna ports, a number of layers and a pre-
coding matrix. The antenna delaying matrix is set on the
following basis: when data of the same layer are sent by
different transmitting antennas, an interval between cyclic
shifts in signal sending between antennas is maximized as
possible, so as to maximize the diversity gain of transmitting
antennas.

Given below are specific designs of antenna delaying
matrix D(i) corresponding to different numbers of transmit-
ting antenna ports, different numbers of layers and different
pre-coding matrices.

When the number of transmitting antenna ports is 2 and the
number of layers is 1, the antenna delaying matrix is:

. 1 0
D)= [0 i };
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when the number of transmitting antenna ports is 2 and the
number of layers is 2, the antenna delaying matrix is:

10
D(i)=[0 1};

when the number of transmitting antenna ports is 4 and the
number of layers is 1, the antenna delaying matrix is:

1 0 0 0
0 e# o 0
D=1y o gpmn o

0 0 0 g JomM

when the number of transmitting antenna ports is 4 and the
number of layers is 2,

if the pre-coding matrix adopted is

—
o O

L (x yell, =1, j, =,

o O o=

then the antenna delaying matrix is:

1 0 0 0

0 e 0 0

b=lg o 1 o |*
0 0 0 ed¥H

1 o 0 0

0 efj47ri/4 0 0

b=ty o g o f

0 0 0 e oM

if the pre-coding matrix adopted is

(x yell, =1, j, =,

(=R -
L =T )

then the antenna delaying matrix is:

10 0 0
01 0 0

D(i) = 0 0 e HmiM 0 or
00 0 o 4mija
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-continued
1 0 0 0
0 e g 0
D( = 0 0 oAt 0
0 0 0 e

and if the pre-coding matrix adopted is

(. yedl, -1, j. =jb.
y

0

= O O =

then the antenna delaying matrix is:

10 0 0
01 0 0
D) = 0 0 gt 0
00 0 efj4mi/4
or
1 0 0 0
0 eV 0
b = 0 0 it 0
0 0 [
wherein i=0, 1, . . ., M,,,,,*-1, M_,,,* represents a

number of modulated complex symbols corresponding to
each ant.enna por; M., “"=M, /", j represents an imagi-
nary unit.

In order to implement the above method, the disclosure

10

15

20

25

30

35

14

the resource mapping module 46 is configured to perform
resource mapping on the complex symbol corresponding to
each transmitting antenna port that has gone through trans-
mission pre-coding and to send an obtained complex symbol
corresponding to each transmitting antenna port that has gone
through resource mapping to the SC-FDMA signal genera-
tion module 47; and

the SC-FDMA signal generation module 47 is configured
to perform SC-FDMA signal generation on the complex sym-
bol corresponding to each transmitting antenna port that has
gone through resource mapping and to transmit a resulted
signal from each transmitting antenna port.

The device may further include: an antenna delaying mod-
ule 48 configured to perform antenna delaying on the com-
plex symbol corresponding to each transmitting antenna port
that has gone through transmission pre-coding and to send an
obtained complex symbol corresponding to each transmitting
antenna port that has gone through antenna delaying to the
resource mapping module 46;

the transmission pre-coding module 45 may be further
configured to send the obtained complex symbol correspond-
ing to each transmitting antenna port that has gone through
transmission pre-coding to the antenna delaying module 48;
and

the resource mapping module 46 may be further configured
to perform the resource mapping on the complex symbol
corresponding to each transmitting antenna port that has gone
through antenna delaying.

Here, it should be noted that the scrambling module 41,
modulation module 42, layer mapping module 43, pre-coding
module 44, transmission pre-coding module 45, resource
mapping module 46, SC-FDMA signal generation module 47
and antenna delaying module 48 are logical units of a termi-
nal.

The specific processing by the pre-coding module, layer-
mapping module and antenna delaying module in the device
according to the disclosure has been described hereinbefore,
which is not elaborated here.

What described are merely embodiments of the disclosure,

also provides a multi-antenna signal processing device in an 40 and are not intended to limit the scope of the disclosure.

uplink system. As shown in FIG. 4, the device includes: a
scrambling module 41, a modulation module 42, a layer map-
ping module 43, a pre-coding module 44, a transmission
pre-coding module 45, a resource mapping module 46 and an
SC-FDMA signal generation module 47, wherein

the scrambling module 41 is configured to scramble a
coded bit sequence corresponding to each codeword and to
send a scrambled bit sequence corresponding to each code-
word to the modulation module 42;

the modulation module 42 is configured to modulate the
scrambled bit sequence corresponding to each codeword and
to send a modulated complex symbol corresponding to each
codeword to the layer mapping module 43;

the layer mapping module 43 is configured to perform
layer mapping on the modulated complex symbol corre-
sponding to each codeword and to send an obtained complex
symbol on each layer to the pre-coding module 44;

the pre-coding module 44 is configured to perform pre-
coding on the complex symbol on each layer and to send an
obtained complex symbol corresponding to each transmitting
antenna port to the transmission pre-coding module 45;

the transmission pre-coding module 45 is configured to
perform transmission pre-coding on the complex symbol cor-
responding to each transmitting antenna port and to send an
obtained complex symbol corresponding to each transmitting
antenna port that has gone through transmission pre-coding to
the resource mapping module 46;
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The invention claimed is:
1. A multi-antenna signal processing method in an uplink
system, comprising:

scrambling a coded bit sequence corresponding to each
codeword to obtain a scrambled bit sequence corre-
sponding to each codeword;

modulating the scrambled bit sequence corresponding to
each codeword to obtain a modulated complex symbol
corresponding to each codeword;

performing layer mapping on the modulated complex sym-
bol corresponding to each codeword to obtain a complex
symbol on each layer;

performing pre-coding on the complex symbol on each
layer to obtain a complex symbol corresponding to each
transmitting antenna port;

performing transmission pre-coding on the complex sym-
bol corresponding to each transmitting antenna port to
obtain a complex symbol corresponding to each trans-
mitting antenna port that has gone through transmission
pre-coding;

performing resource mapping on the complex symbol cor-
responding to each transmitting antenna port that has
gone through transmission pre-coding to obtain a com-
plex symbol corresponding to each transmitting antenna
port that has gone through resource mapping; and

performing SC-FDMA signal generation on the complex
symbol corresponding to each transmitting antenna port
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that has gone through resource mapping and transmit-
ting a resulted signal from each transmitting antenna
port.

2. The method according to claim 1, wherein performing
the layer mapping is:
processing the modulated complex symbol corresponding
to each codeword with a mapping-and-layer-interleav-
ing matrix.
3. The method according to claim 1, further comprising:
when performing the pre-coding,

varying an adopted pre-coding matrix according to each
complex symbol, or according to an SC-FDMA symbol,
or according to a time slot.

4. The method according to claim 1, further comprising:
after performing the transmission pre-coding and before per-
forming the resource mapping, performing antenna delaying
on the complex symbol corresponding to each transmitting
antenna port that has gone through transmission pre-coding,
to obtain a complex symbol corresponding to each transmit-
ting antenna port that has gone through antenna delaying; and

correspondingly, performing the resource mapping on the
complex symbol corresponding to each transmitting
antenna port that has gone through antenna delaying.

5. The method according to claim 2, wherein the process-
ing the modulated complex symbol corresponding to each
codeword with a mapping-and-layer-interleaving matrix is:

when 1 codeword is mapped to 2 layers, then:

#0x) a9
T s PRI
0= [0 L },

layer
s Mpiy

—1, pe M(O)b/z;

symb = Mgym

When 2 codewords are mapped to 2 layers, then:

PRI}
W

5

o)
= Qs (imod2)

dV (i)
- 10
af )—(0 1],

) 0 1_
Qz()—(1 0],

i=0,1,..., M2 _1

symb 1

ML .

layer
M symb>

0)
symb = My =

sym

When 2 codewords are mapped to 3 layers, then:

X(O)(i)
V() [ = Q3(imod3)

2

a9
dM 20
dV2i+ 1)

100
Q3(0)=[0 1 0],
001
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-continued

001
Q3(1):[1 0 0],

010

010
Q3(2)=[0 1];
100

i=0,1,...

<

layer
s Mpiy

-1,

M _ @

symb = Msym

MGy 12

sym

When 2 codewords are mapped to 4 layers, then:

00 402
Pl) d90i+ 1)
= Qu(imod4) ;
Pl) a2
i) dMi+ 1)
10 00
oo|01 00
040 = 00 10
00 01
00 01
nofte oo
Q=1 4ol
00 10
00 10
,_|00 0l
0.2 = Lo 0o
01 00
01 00
5|00 L0
0.0) = oo o1l
10 00
i=0,1, .., Mo,

symb

layer _ 2 4(0) — .
Moy = Mgy, 12= My, /2;

where imod y represents calculating a remainder in divid-
ingibyy, ye{2,3,4}; d“(0), d(1), ..., d9M,,,," -
1) each represents a modulated complex symbol corre-
sponding to a codeword q, qe{0,1}; M, @, represents
anumber of modulated complex symbols corresponding
to the codeword q; x™(0), xX™(1), . . ., x(”)(MSyme“y e
1) each represents a modulated complex symbol corre-
sponding to a layer v, ve{0,1,2,3}; and M,,,,,,"*" rep-
resents a number of modulated complex symbols
corresponding to one layer.
6. The method according to claim 3, further comprising:
before performing the pre-coding,
agreeing, by a terminal and a base station, on a rule for
varying the pre-coding matrix.
7. The method according to claim 4, further comprising:
before the performing antenna delaying,
setting an antenna delaying matrix according to a number
of transmitting antenna ports, a number of layers and a
pre-coding matrix.
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8. The method according to claim 7, wherein
when the number of transmitting antenna ports is 2 and the
number of layers is 1, the antenna delaying matrix is:

0 iz

1 0
D( = [ };

when the number of transmitting antenna ports is 2 and the
number of layers is 2, the antenna delaying matrix is:

R
(l)—[o 1},

when the number of transmitting antenna ports is 4 and the
number of layers is 1, the antenna delaying matrix is:

1 0 0 0
0 e 4 0 0

b = 0 0 gt o I
0 0 [

when the number of transmitting antenna ports is 4 and the
number of layers is 2, and when the pre-coding matrix
adopted is

L (x, yedl, =1, j, =jb,

o O o=

the antenna delaying matrix is:

1 0o 0 o
0 e7j4mi/4 0 0
ba=ly o 1 o
0 0 0 e7j4mi/4
or
10 0 0
0 efj4mi/4 0 0
PO=ly o gmm g |
00 0 e o

when the number of transmitting antenna ports is 4 and the
number of layers is 2, and when the pre-coding matrix
adopted is

(x, yedl, =1, j, =jb,

(=R -

0
1
0
y
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the antenna delaying matrix is:

10 0 0
01 0 0
D(i) = 0 0 et 0
00 0 gt
or
1 0 0 0
0 e g 0
D) = 0 0 gl o I
0 0 0 e dEM

when the number of transmitting antenna ports is 4 and the
number of layers is 2, and when the pre-coding matrix
adopted is

1

0 . .
(x, yell, =1, j, —jh,

0y

x 0

the antenna delaying matrix is:

10 0 0
01 0 0
D(i) = 0 0 et 0
00 0 efj4mi/4
or
1 0 0 0
0 eJH 0
D) = 0 0 g6 o I
0 0 0 e v
wherein i=0, 1, . . ., M,,,,,*-1; M_,,,,* represents a

number of modulated complex symbols corresponding
to each antenna port; M., =M ,,,*’ ™P. | represents
an imaginary unit.

9. A multi-antenna signal processing device in an uplink
system, comprising: a scrambling module, a modulation
module, a layer mapping module, a pre-coding module, a
transmission pre-coding module, a resource mapping module
and a Single Carrier Frequency Division Multiple Access
(SC-FDMA) signal generation module, wherein

the scrambling module is configured to scramble a coded

bit sequence corresponding to each codeword and to
send a scrambled bit sequence corresponding to each
codeword to the modulation module;

the modulation module is configured to modulate the

scrambled bit sequence corresponding to each codeword
and to send a modulated complex symbol corresponding
to each codeword to the layer mapping module;

the layer mapping module is configured to perform layer

mapping on the modulated complex symbol correspond-
ing to each codeword and to send an obtained complex
symbol on each layer to the pre-coding module;

sym.
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the pre-coding module is configured to perform pre-coding
on the complex symbol on each layer and to send an
obtained complex symbol corresponding to each trans-
mitting antenna port to the transmission pre-coding
module;

the transmission pre-coding module is configured to per-
form transmission pre-coding on the complex symbol
corresponding to each transmitting antenna port and to
send an obtained complex symbol corresponding to each
transmitting antenna port that has gone through trans-
mission pre-coding to the resource mapping module;

the resource mapping module is configured to perform
resource mapping on the complex symbol correspond-
ing to each transmitting antenna port that has gone
through transmission pre-coding and to send an obtained
complex symbol corresponding to each transmitting
antenna port that has gone through resource mapping to
the SC-FDMA signal generation module; and

the SC-FDMA signal generation module is configured to
perform SC-FDMA signal generation on the complex
symbol corresponding to each transmitting antenna port
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that has gone through resource mapping and to transmit
a resulted signal from each transmitting antenna port.

10. The device according to claim 9, further comprising:

an antenna delaying module configured to perform antenna
delaying on the complex symbol corresponding to each
transmitting antenna port that has gone through trans-
mission pre-coding and to send an obtained complex
symbol corresponding to each transmitting antenna port
that has gone through antenna delaying to the resource
mapping module;

the transmission pre-coding module is further configured
to send the obtained complex symbol corresponding to
each transmitting antenna port that has gone through
transmission pre-coding to the antenna delaying mod-
ule; and

the resource mapping module is further configured to per-
form the resource mapping on the complex symbol cor-
responding to each transmitting antenna port that has
gone through antenna delaying.

#* #* #* #* #*



